Generally being considered as a safe area for surgical approaches, the region between the mental foramina presents important anatomical structures. The objective of this study was to measure the dimensions of the genial plexus and its three-dimensional location in CBCT images, correlating the characteristics of this structure with dental presence, sex and age of patients. A total of 149 cone beam computer tomography (CBCT) scans of dentate (n = 74) and edentulous patients (n = 75) were selected, 59 male and 90 female, aged 18 -86 years. Measurements of width and length of the genial canal were performed, and the shortest distances of the genial plexus were determined in relation to the alveolar bone crest, the buccal cortical bone and the base of the mandible. The results indicated significant differences between the dentate and edentulous groups for the mandibular canal length (p = 0.030), distance from alveolar crest (p < 0.001), and distance from buccal cortical bone (p < 0.001), with significantly higher values in dentate patients. As for gender, the distances between the genial plexus and the alveolar bone crest (p < 0.001) and the buccal cortical bone (p = 0.028) were significantly shorter for females. Regarding age, only the distance between the genial plexus and the alveolar crest showed a significant difference (p < 0.001), and the smallest values were measured in the older patients. It can be concluded that there are vari- ations of the genial plexus in relation to gender, age and between edentulous and dentate patients. Therefore, the anterior region of the mandible, especially the midline should be observed with caution when undergoing surgical procedures, such as removal of bone grafts and installation of dental implants.
INTRODUCTION
Although the anterior region of the mandible is considered safe as a bone graft donor area and for the installation of dental implants [1, 2] , some studies have reported accidents and the potential risk of associated complications to surgical interventions in [3, 4] . Anatomic structures such as the incisive canal and the genial plexus [5, 6] are main responsible for these complications.
Moreover, the distance of these structures to bone cortices tends to decrease by the influence of factors such as age, edentulism and the sex of the individuals, increasing the chance of trans-and post-operative complications.
The incisive canal and the genial plexus contain terminal branches of nerves and blood vessels that feed the teeth of the intermental region, the intraosseous space and the vestibular gingiva of the symphysis region [7, 8] . Being described as an extension of the mandibular canal, the incisive canal begins its course in the mental foramina, traversing the anterior region of the mandible to the central incisive region in a descending way. Radiographically, it is well-defined up to the region of lateral incisors [9] , and in the region of central incisors, the canal image becomes diffuse [7] . In addition to anastomoses [10] , the presence of another anatomical accident called the genial plexus [11] or upper and lower genial foramen [3] , or also lingual foramen which jointly contributes to the crossed neurovascularization at the level of the mandibular midline [3, 9] .
It was discovered by magnetic resonance imaging and dissection of anatomical parts that the content of the genial plexus is of neurovascular nature [3, 12] . This may be due to reports of cases of hemorrhage, hematomas [13, 14] and/or sensory disturbances after surgical procedures in the anterior region of the mandible [15] [16] [17] [18] , and can also lead to dysesthesia [19, 20] , in addition to cases of indirect surgical trauma associated with hematomas.
Cone-beam computed tomography (CBCT), which is the method of choice in the diagnosis and surgical planning for removal of bone grafts and installation of dentalimplants [21] , provides the possibility of performing accurate bone measurements of the existing anatomy [22, 23] , including small structures such as the incisive canal and the genial plexus [13, 24, 25] . Precision in surgical planning reduces the possibility of injury to patients and surrounding anatomical structures. Thus, the objective of this study was to evaluate the dimensions of the genial plexus and its three-dimensional location in CBCT images, correlating the characteristics of this structure with dental presence, sex and age of patients.
MATERIAL AND METHODS
This retrospective cross-sectional study was conducted in full compliance with the World Medical Association's Declaration of Helsinki and was approved by the ethics committee in research of Centro de Pesquisas Odontológicas São Leopoldo Mandic (No. 1.517.140).
A total of 950 consecutive CBCT exams of the mandible region were evaluated, belonging to the database of Clínica Radiológica de Francisco Beltrão (Paraná, Brazil). A total of 149 CBCT exams were stratified for dental presence (totally toothed or totally edentulous), sex (female and male) and age (18 to 30 years, 31 to 60 years and ≥ 61 years) ( Table 1) .
Inclusion criteria were patients aged 18 years and over, of both sexes, with all teeth present or all absent, who did not present metallic artifacts in the tomographic images. Exams that presented osseointegrated implants, cast metal cores, prosthetic crowns, or the presence of impacted teeth, bone pathologies and dentate patients with periodontal bone loss were excluded from the sample. The exams were acquired using the I-cat 3D Imaging System Classical (Imaging Sciences International, Hatfield, PA, USA), using the following exposure parameters: 36.15 mAs and 120 kVs with a rotation time of 40 seconds using 0.2 mm of isotropic voxel. Scans were performed by a team of trained technicians, maintaining the patient's occlusal plane parallel to the horizontal plane and the median sagittal plane perpendicular to the ground. The analysis of the measurements was performed by a dental surgeon, specialist in Dental Radiology, in a room with adequate lighting, using the Xoran Cat® software (Imaging Sciences International, Hatfield, Pennsylvania, USA).
To select the area of interest, the distance between the mesial extremity of each mental foramen was measured, and half of this distance guided the average tomographic image. From this section, five parasagittal tomographic sections were evaluated for each side. The section that presented the greatest clarity of the genial plexus was chosen to perform the measurements (Figure 1(A) ).
The following measurements were performed: longest width of the genial canal (W) or (D); longest length of the genial canal in relation to the alveolar bone crest (L) or (L1); (D1) or (L2), which was performed between the uppermost portion of the genial plexus and the alveolar bone crest (for dentate patients the reference was the buccal bone crest); shortest distance from the genial plexus to the buccal cortical bone (D2) or (L3), which was performed between the most vestibular portion of the genial plexus and the buccal cortical bone; (D3) or (L4), which was performed between the lowest portion of the genial plexus and the cortical part of the mandible base (Figures 1(B) -(D)). is the tomographic image in which the lowest distance from the genital plexus to the alveolar bone crest (D1 or L2) was measured; in this case, as the foramen, this surface was zero; shorter distance from the plexus to the cortical buccal (D2 or L3); and shorter distance from the plexus to the base of the mandible (D3 or L4).
Statistical Analysis
In the evaluation of dental presence, the basic assumptions of normality and homogeneity of variance of the sample were not met, thus the non-parametric Mann-Whitney test was used. For the sex variable, the data had a normal distribution, thus the Student's t-test was applied.
As for age, the assumptions of normality and homogeneity were also not met, thus the Kruskal-Wallis and Dunn tests were applied. For statistical calculations, the SPSS 23 program (SPSS INC., Chicago, IL, USA) was used, adopting the significance level of 5%.
RESULTS
Of the 149 CBCT exams evaluated, 59 (39.6%) were male and 90 (60.4%) were female. The patients' ages ranged from 18 to 86 years old, with an average of 52.2 ± 15.7 years. Among edentulous patients, the ages ranged from 38 to 86 years, mean age was 62.6 years, with a standard deviation of 1.1 years. Among the toothed teeth, the age ranged from 18 to 70 years, the mean being 41.8 years and the standard deviation of 1.5 years.
Of the 74 patients in the dentate group, 36 (48.64%) belonged to the male group, and 38 (51.35%) belonged to the female group. Of the total of 75 patients in the edentulous group, 23 (30.66%) belong to the male group and 52 (69.33%) belong to the female group.
Considering the presence or absence of teeth, the length of the genial canal and the distances of the plexus in relation to the alveolar crest and the buccal cortical bone, dentate patients showed significantly higher values. The width of the genial canal and distance from the base of the mandible were similar between the edentulous and dentate groups ( Table 2) .
Of the total of 59 male patients, 36 (61.01%) belong to the dentate group, and 23 (38.98%) belong to the edentulous group, presenting a mean age of 50.81 years for the male group. Of the total of 90 female patients, 38 (42.22%) belong to the dentate group and 52 (57.77%) belong to the edentulous group, presenting a mean age of 55.63 years for the female group.
Regarding the sex of the patients, the distances of the genial plexus in relation to the alveolar crest and the buccal cortical bone showed significantly higher values for the male sex (Table 3) .
Of the 21 patients aged up to 30 years, 11 (52.38%) were male and 10 (47.61%) were female. Of the 78 patients aged 31 to 60 years, 32 (41.02%) were males and 46 (58.97%) were females. Of the total of 50 patients aged 61 or over, 15 (30.00%) are males and 35 (70.00%) are females. Of the total of 75 edentulous patients, 0 (0%) are aged up to 30 years, 32 (42.66%) are between 31 and 60 years of age, and 43 (57.33%) are 61 years of age or older. Of the 74 toothed patients, 21 (28.37%) were aged up to 30 years, 45 (60.81%) were between 31 and 60 years of age and 7 (9.45%) were 61 years of age or older.
Considering the age of the patients, it was observed that only the distance from the genial plexus to the alveolar crest presented a statistically significant difference in relation to age. The shortest distance from the genial plexus to the alveolar crest was found in the more advanced age group (≥61 years), which was 4.4 and 3.2 times shorter than that observed in individuals until 30 years and between 31 and 60 years, respectively (Table 4 ).
ANALYSIS OF RESULTS
In the present study, it was possible to locate and measure the genial plexus in all patients in the sample (n = 149) using the CBCT. Likewise, a mandibular incisive canal (MIC) was identified in 100% of CBCT images, with good clarity in 63.6% in the work of [26] . They stated that CBCT is particularly suitable for the mandible since it enables the 3D reconstruction of high-resolution images of the entire mandible [26] because conventional radiographs often fail to show an incisive canal. [27] There was no significant difference (p value = 0.564) between the diameter of the genial plexus in edentulous and dentate patients, the mean value in both groups being 1.24 ± 0.41 mm and 1.24 ± 0.61 mm, respectively. Similar results were found by [28] (mean 1.3 mm, range 0.5 -2 mm at the entrance of the incisive canal) [11] and (mean 1.48 ± 0.66 mm) with no difference in the diameter of the incisive bundle between a dentate and edentulous group. However, reported a mean diameter of 1.8 ± 0.5 mm for this canal [27] . A spiral CT scan study presented a larger buccal diameter of the bony canal in dentate mandibles, although the authors considered the number of edentulous patients as limited [6] . Failure of osseointegration of implants in case of perforation of a mandibular incisive canal having a diameter of >2 mm, due to soft tissue migration along the implant has been reported [14] .
Other data obtained was the average length of the genial canals, which showed that the values for edentulous patients were statistically lower than in dentate patients. This data suggest that bone remodeling caused by dental absence may lead to decreased blood vessel length, possibly due to a reduced need for blood supply, since the volume of the intraosseous space and the area of the vestibular gingiva in the region are smaller, and also, due to the absence of teeth to be nourished, with such functions being of the genial plexus [7, 8] .
There was no significant difference in the values referring to the distance from the plexus to the mandibular base when comparing both groups, 3.82 mm for dentate individuals and 3.39 mm for edentulous individuals. These findings are in line with the studies [24] of (on average 7.2 mm in the incisor region) [6] and (on average 7.40 (5.31) mm from the mandibular base at the lingual entrance and 7.96 (3.47) mm at the buccal canal end point) [29] reported that all measurements were made at basal bone (where the MIC is located), which undergoes less resorption as compared to the alveolar bone and they believed that the measurements obtained were consistent, regardless of the patients being dentate or edentulous. This data suggests that the clinician should ideally decide the safety margin for graft removal not only by relying on the mean safety margin but also after evaluating a CBCT examination.
New safety margins for bone graft block removal from the chin region were suggested by [30] 8 mm below the apex of the involved teeth and 4 mm deep for Caucasians, since the mandibular incisor canal is at least 4.65 mm from the buccal cortical bone. However, this data is refuted by the data collected in this study in the midline region because the distance from the genial canals to the buccal cortical bone was 2.51 mm for edentulous patients and 3.41 mm for dentate patients. This data is similar to the values found by The distance from the genial plexus to the alveolar bone crest was statistically shorter (p = 0.001) in edentulous patients compared to dentate patients, 4.45 mm and 17.48mm respectively, which indicates that bone remodeling post-extraction makes this anatomical structure more superficial, being more subject to surgical trauma and postoperative complications such as hemorrhage and paraesthesia in this region. In view of the values for edentulous patients, the midline should be avoided during implant installation in order to avoid such complications. The study by [26] reinforces the findings regarding toothed patients, as it found a value of 16.23 mm, similar in relation to the mean distance of the MIC to the alveolar bone crest.
Considering the measures performed, when comparing them between the sexes, only the distance between the genial plexus and the buccal cortical bone beyond the alveolar bone crest, presented a statistically significant difference, and the values were substantially lower for women. In the female group, the mean distance between the alveolar bone crest and the genial plexus was 8.88 mm, considering the distance between the buccal cortical bone and the genial plexus, the mean value obtained was 2.72 mm, indicating a higher surgical risk for this group, in interventions in this region.
Analyzing the measurements and comparing them between the different age groups, it was verified that only the distance between the genial plexus and the alveolar bone crest presented a discrepancy. As age advances, distance decreases, starting with mean values of 17.96 mm in the age group of up to 30 years and reaching 4.04 mm in the age group of 61 years or more, which indicates that the higher the age of the patient the higher the chance of not being able to install dental implants in this region.
For the retrospective design in which the present study was carried out, it is possible to observe the limitation of not being possible to identify the race of the patients of the sample, as well as the correlation of stature and weight with the data found, and these factors can influence the results. It is still notable that there are other factors capable of interfering with the result of this work, such as the fact that the basic as-J. Biomedical Science and Engineering sumptions of normality and homogeneity of variance of the sample regarding age and sex were not met.
CONCLUSIONS
In order for the planning of surgical procedures in the mandibular midline region to be accurate, one should measure the extension and evaluate the three-dimensional location of the genial plexus, taking into account factors that directly influence such data as the patient's sex, age and dental presence. The females present a shorter distance from the plexus to the crest and to the buccal cortical bone. Older patients have a shorter distance from the plexus to the crest. In the case of edentulous patients, the distance from the plexus to the alveolar crest and the buccal cortical bone is shorter.
Neurosensory dysfunctions, hemorrhage and pain are possible complications linked to injury of the genial plexus and observance of the variables of this study at the preoperative stage is fundamental so that it can be avoided either during the removal of bone grafts or in implant installation surgeries, a region commonly approached in protocol type surgeries, and it is interesting to avoid this region mainly in edentulous patients.
In order to better understand the effects of the variables of this research on the dimensions and three-dimensional location of the genial plexus, as well as the influence that the variables exert on each other, and if there are other factors that influence the dimensions and location of the genial plexus, more studies evaluating different groups and other possible variables would be of great value.
